What is claimed is: 



1. A method of forming a ceramic coating on a solid state electrochemical device substrate, 
comprising: 

providing a solid state electrochemical device substrate, the substrate consisting 
essentially of a material selected from the group consisting of a porous non-noble transition 
metal, a porous non-noble transition metal alloy, a porous cermet incorporating one or more 
of a non-noble non-nickel transition metal and a non-noble transition metal alloy, a porous 
cermet, and a porous metal oxide or mixed metal oxide; 

generating a suspension of ceramic material in a liquid medium; 

applying a coating of the suspension of the ceramic material in a liquid medium to the 
substrate material using electrophoretic deposition; and 

drying the coated substrate material; 

wherein the ceramic material in the liquid medium is comprised of ceramic particles 
with a size distribution selected to eliminate cracking in the coating applied to the substrate 
during drying of the coated substrate. 

2. The method of claim 1, wherein the coated substrate material is dried in air at room 
temperature up to about 80°C. 

3 . The method of claim 1 , further comprising: 

stirring the suspension of ceramic material during the electrophoretic deposition. 

4. The method of claim 1, further comprising: 

applying a voltage profile during the electrophoretic deposition. 

5. The method of claim 4, wherein the voltage profile is a constant voltage. 

6. The method of claim 4, wherein the voltage profile is a time varying voltage. 

7. The method of claim 6, wherein the voltage profile is ramped up to yield a current 
density of about 10 to 50 uA/cm 2 . 

8. The method of claim 1, wherein the size distribution is selected to reduce a firing time 
of the coated substrate. 
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9. The method of claim 1, wherein the size distribution is selected to reduce a firing 
temperature of the coated substrate. 

10. The method of claim 1, wherein sizes of the ceramic particles range from about 0.1 to 
1 microns. 

1 1 . The method of claim 1, wherein the sizes of the ceramic particles are preferably about 
0.3 microns. 

12. The method of claim 1, wherein the liquid medium is a non-electrolytic solvent. 

13. The method of claim 1 , wherein the liquid medium is isopropyl alcohol (IP A). 

14. The method of claim 13, wherein concentration of ceramic particles in the (IP A) is 
about 0.25 grams of ceramic material per 100ml IPA to 1 gram of ceramic material per 100 
mllPA. 

15. The method of claim 1, wherein the suspension of ceramic material in the liquid 
medium is generated by dispersing a ceramic powder in the liquid medium using an ultrasonic 
probe. 

16. The method of claim 1, further comprising: 

firing the coated substrate in an inert or reducing atmosphere. 

17. The method of claim 16, wherein the firing temperature is between about 1200 and 
1400°C. 

18. The method of claim 16, wherein the firing time is between about 0.5 and 4 hours. 

19. The method of claim 16, wherein the firing is conducted at a temperature sufficient to 
substantially sinter and densify the coating without melting the substrate. 

20. The method of claim 19, wherein the sintered coating is gas-tight and greater than about 
90% densified. 

21. The method of claim 20, wherein the sintered coating is greater than about 95% 
densified. 

22. The method of claim 19, wherein the sintered coating is no more than 2% porous. 

23. The method of claim 19, wherein the sintered coating is about 1 to 50 microns thick. 

24. The method of claim 19, wherein the sintered coating is about 3 to 30 microns thick. 

LBNLP007/IB-1304/DPO -25- 



25. The method of claim 19, wherein the sintered coating is about 5 to 20 microns thick. 

26. The method of claim 1, wherein said substrate is planar. 

27. The method of claim 1, wherein said substrate is tubular. 

28. The method of claim 1, wherein said substrate material is initially green. 

5 29. The method of claim 1, wherein said substrate material is pre-fired (bisque fired) to 
enhance mechanical strength for subsequent ceramic material coating. 

30. The method of claim 1, wherein said substrate material is pre-sintered such that after the 
ceramic material is applied, only the ceramic material densifies in the firing step. 

31. The method of claim 1 wherein said substrate material is selected from the group 
10 consisting of transition metals chromium, silver, iron, copper, and nickel. 

p 32. The method of claim 1 , wherein said substrate material is an alloy selected from the 
p group consisting of a low-chromium ferritic steel, an intermediate-chromium ferritic steel, a 
[7 high-chromium ferritic steel, a chrome-based alloy, and chrome-containing nickel-based 
ill Inconel alloy. 

JL5 33. The method of claim 32, wherein said alloy is selected from the group consisting of 
P- Cr5Fel Y and Inconel 600. 

y 34. The method of claim 1, wherein said substrate material is a cermet selected from the 
group consisting of at least one of Lai. x Sr x Mn y 0 3 -8 (1>X>0.05) (0.95<y<1.15) ("LSM"), Lai. 
x Sr x Co03-8 (1>X>0.10) ("LSC"), SrCoLxFexO^ (0.30>X>0.20), Lao. 6 Sro. 4 Co a 6Feo.40 3 .8, 

20 SrojCeojMnOs-e, LaNi 0 .6Feo.403-5, Smo.sSro.sCoO^ yttria stabilized zirconia (YSZ), scandia 
stabilized zirconia (SSZ), (Ce0 2 )o.8(Gd 2 0 3 )o.2 (CGO), Lao.8Sro.2Gao.s5Mgo.15O2.82s (LSGM20- 
15), (Bi 2 03)o.75(Y20 3 )o.25 and alumina, in combination with at least one of transition metals 
Cr, Fe, Cu, Ag, an alloy thereof, a low-chromium ferritic steel, an intermediate-chromium 
ferritic steel, a high-chromium ferritic steel, a chrome-based alloy, and chrome-containing 

25 nickel-based Inconel alloy. 

35. The method of claim 34, wherein the LSM is selected from the group consisting of 
Lao.8Sr 0 .2Mn03. 5j Lao^sSrojoMnO^ Lao.4sSro.55Mn0 3 ^. 

36. The method of claim 34, wherein said chrome based alloy is Cr5FelY. 

37. The method of claim 1, wherein said coating material is solely an ionic conductor. 
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38. The method of claim 37, wherein said coating material comprises at least one of yttria 
stabilized zirconia (YSZ), scandia stabilized zirconia (SSZ), doped cerium oxide including 
(Ce0 2 )o.8(Gd 2 0 3 )o.2 (CGO), Lao.sSro.2Gao.85Mgo.15O2.g25 (LSGM20-15) and 

(Bi2O 3 )0.75(Y 2 O 3 )0.25. 

5 39. The method of claim 39, wherein said coating is yttria stabilized zirconia. 

40. The method of claim 39, wherein said yttria stabilized zirconia is at least one of 
(Zr0 2 )o.92(Y 2 03)o.o8 and (Zr0 2 )o.9o(Y20 3 )o.io). 

41 . The method of claim 1 , wherein said coating is a mixed ionic electronic conductor. 

42. The method of claim 41, wherein said coating comprises at least one of SrCoi- x Fe x 0 3 _s 
10 (0.30 > X > 0.20), Lao.6Sro.4Coo.6Feo. 4 0 3 _5, Lao. 8 Sr 0 .2Mn0 3 , Lao.es Sr 0 . 3 oMn0 3 - 5 , 

Lao^sSro.ssMnCb-s, Sr 0 .7Ce 0 . 3 MnO 3 .8, LaNio.6Feo.40 3 . 5) Sm 0 .5Sro.5Co0 3 ^ and Lai. x Sr x Co0 3 .g. 

43. The method of claim 41, wherein said coating is SrCoo.75Fe 0 .250 3 - 5 . 

iIl 44. The method of claim 1, wherein said sintered coating material and said substrate have 

N; substantially matched coefficients of thermal expansion. 

fli 
\ 1 

15 45. The method of claim 1, wherein said sintered coating material and said substrate have 
coeffici ents of thermal expansion within about 20% of one another. 

! 46. The method of claim 1, wherein said sintered coating material and said substrate have 

u 

coefficients of thermal expansion within about 1 0% of one another. 

47. The method of claim 1, wherein said sintered coating material and said substrate have 
20 coefficients of thermal expansion within about 2% of one another. 

48. The method of claim 1, wherein the electrochemical device substrate is a high-strength 
metal or alloy support, and further comprising casting a thin layer of a material having high 
electrocatalytic activity on top of the porous high-strength metal or alloy support 

49. The method of claim 48, wherein said the layer of material having high electrocatalytic 
25 activity comprises Ni-YSZ. 

50. A method of forming a YSZ (Yittria Stabilized Zirconia) ceramic coating on an LSM 
(Lanthanum Strontium manganite) substrate using EPD (electrophoretic deposition), 
comprising: 

providing the LSM substrate; 
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generating a suspension of YSZ material in a liquid medium; 

applying a coating of the suspension of the YSZ material in a liquid medium to the 
LSM substrate material using EPD; and 

drying the coated LSM substrate; 

5 wherein the YSZ material in the liquid medium is comprised of YSZ particles with a 

size distribution selected to eliminate cracking in the coating applied to the LSM substrate 
during drying of the YSZ coated LSM substrate. 

5 1 . The method of claim 50, further comprising: 

applying a voltage profile during the electrophoretic deposition. 

10 52. The method of claim 50, wherein the voltage profile is ramped up to yield a current 
:-I density of about 1 0 to 50 uA/cm 2 . 

CP 53. The method of claim 50, wherein the size distribution is selected to reduce a firing 
time of the YSZ coated LSM substrate. 

m 

%l 54. The method of claim 50, wherein the size distribution is selected to reduce a firing 
J5 temperature of the YSZ coated LSM substrate. 

W 55 - ^ method of claim 50 > wherein sizes of the YSZ particles range from about 0. 1 to 1 
microns. 

Q 

,u 56. The method of claim 50, wherein sizes of the YSZ particles are preferably about 0.3 



microns. 



20 57. The method of claim 50, wherein the liquid medium is a non-electrolytic solvent. 

58. The method of claim 50, wherein the liquid medium is isopropyl alcohol (IPA). 

59. The method of claim 50, wherein concentration of YSZ particles in the (IPA) is about 
0.25 grams of YSZ material per 100ml IPA to 1 gram of YSZ material per 100ml IPA. 

60. The method of claim 50, further comprising: 

25 firing the coated substrate in an inert or reducing atmosphere. 

61. The method of claim 60, wherein the firing temperature is between about 1200 and 
1400°C. 
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62. The method of claim 60, wherein the firing time is between about 0.5 and 4 hours. 

63. The method of claim 60, wherein the firing is conducted at a temperature sufficient to 
substantially sinter and density the coating without melting the substrate. 
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